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The topographically defined Black Hills and adjacent areas (Black Hills area) of Wyoming (fig. 1) are underlain by two regionally important aquifers—the : o7 ‘ : S
Minnelusa and the Madison. The Minnelusa aquifer is used extensively in the Black Hills area as a source of domestic and livestock water. The Madison aquifer " .' ;
g is an important source of municipal, industrial, agricultural, and domestic water in both the Black Hills area and other parts of Wyoming. Increased demand for
& water from the Minnelusa and Madison aquifers in the Black Hills area of Wyoming and South Dakota have created a need for better understanding of the ST~ . }
hydrology of these two important aquifers. It Wl Mgy P 9 i
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7 N ] = Alad din( o ined, and the relative age of a limited number of ground-water samples are J 0 P v ) @ g 1
= Ty Creek discussed. The information will be of use to government officials, land © 2 %( T 2, °© \2 -
~ ﬁ planners and other individuals who must manage the limited water resources 7 7~ < { N : N J o~ \1
of this growing and developing area. ‘ ‘ O S r 0 N N
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A Yees Farm) o™ Hills area of Wyoming. Water levels were measured during 1998 and 1999 in :/ ring (Z\e &Far}’a ‘ . P 7 o O
s /3,498 o] wells completed in the Minnelusa and Madison aquifers to construct — 7. N\ s @ S ek /3,655
" w\\m\@‘ o S potentiometrip—surface maps. The potel}tiometric surfaces and altitudes of the ‘ ’ o th"\wo . 2 - = Y S~
§ 3450 - tops of the anelqsa and Madlspn aquifers were contoured at the same scale ’ < Creek /\\ -
/e 2 ol (1:100,000) as studies of the aquifers recently conducted by the U.S. 0 %4 ~__ ./ /
g ( 2 Geological Survey (USGS) in the Black Hills area within South Dakota N \ g [
S;é n (Carter and Redden, 1999a, 1999b; Strobel and others, 2000a, 2000b). The / N e o %
| o contours in these studies of the Minnelusa and Madison aquifers in South - N Qg__( | |
c Dakota were “edge matched” as closely as possible along the Wyoming-South = / LN ' 3711
Montana I = & Dak. . . . N C Montana I
Take 1 83 , akota State line using the same contour interval. Use of the same contour ~ L Lake
3,530 <7 S [ 1‘( Black \ | interval and edge matching will allow for the use of the maps across State \ 3 /" ‘ ( ‘ N 3,657, <«
Beulah s R ~ T.51N. boundaries and improve understanding of the aquifers in a larger area within PR S, . / . , [ < ‘-' 3‘ eulggl
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N TS T8N Previous Investigations A\ .. V- — & a -
& | IE:'\J Investigations of the geology or hydrogeology of the Minnelusa and o Q. S-2 —
v 5 7 Madison aquifers in the Black Hills area have been conducted for about a \ L
Four Corners - //-" century. The earliest known investigations are: Newton and Jenney, 1880; ' AN = S "/ q%c‘“/ ,
& Darton, 1904, 1905, 1909; and Darton and O'Harra, 1905, 1907. The N =< N 5
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gl different interpretations of the characteristics of the Minnelusa and Madison AN N
44°00' 14 = aquifers by different investigators. Local investigations typically were S <
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T.51N. ‘ M%l;(él& > §| = geographic area (e.g., Black Hills area in Wyoming and South Dakota), while T.51N. N/ \ Mﬁﬂ’&
%9 < © Q|zT 46N regional investigations typically were conducted in several States and inter- 2N p ; j
Q o} =5 preted the characteristics of the Minnelusa and Madison aquifers in relation to ‘ 500
& il 2 large regional aquifer systems comprising many aquifers. Many local and
' Q I regional investigations describe the Minnelusa and Madison aquifers not only
o % in the Black Hills area, but also in the adjacent Powder River Basin.
. // % | T.45N. The name Powder River Basin commonly is used to identify both the
P VAN c | drainage basin and the structural basin. In this report, all use of Powder River
) / g Basin will refer to the structural basin.
? ,/ 4185 ) % | Most hydrogeologic investigations that include the Black Hills area in
"]_ - G | Wyoming emphasized the Madison aquifer, with comparatively little study of
AN S T.44N. the Minnelusa aquifer. In some of these investigations, the Madison aquifer in
"( \._‘¥¥ r_/ © the Powder River_ Basiq and Black Hills area is defined as compri.sing not only
o\ I8 00/ Poison__—- 428@ 8 B ; - rocks of the Madison Limestone, but also rocks suspected by the investigators
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ShEAY c rocks in the Powder River Basin and Black Hills area within Wyoming and
S,11 T.51N. @ parts of surrounding States (i.e., surrounding parts of Montana and/or South
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—_— Y T.50N. 5 : Dakota) are presented in reports by Swenson (1974), Wyoming State —
teont 5350% 8 I Engineer's Office (1974), Swenson and others (1976), and Kyllonen and Peter Tsonl
QA T 49N (1987). Physical and hydraulic characteristics of the Minnelusa and Madison
' ' aquifers in the Black Hills area of Wyoming are discussed in Whitcomb and
\80 _ | Morris (1964), Hodson and others (1973), Hodson (1974), Swenson (1974),
‘ o l Wyoming State Engineer's Office (1974, 1976), Blankennagel and others
380 (1977), Kelly and others (1981), Feathers and others (1981), and Lowry and
- | others (1986). Fitzwater (1981) examined the hydrogeology and geochemis-
[ T41N. try of the Minnelusa and Madison aquifers in northeastern Wyoming, includ-
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‘ fc\\ " 15,520 / | R. 63 W. R. 62 W. R. 61 W. R. 60 W. Powder River Basin and Black Hills area in Wyoming was studied at selected
) 519049320 '\ /s 456& 5,50 5,690 S 6,010 Base modified fom US. Geological 0 2 4 6 8  10MLES streamflow-measurement sites in reports by the Wyoming State Engineer's
/'Z ol ) . ’ L ;ZN ‘ ~Cloi A é . Survoy State base map. 1:500,000, 0 2 4 6 8 10KLOMETERS Office (1974, 1976), Boner and others (1976), and Glass and Sultz (1992).
! X P S 2 Figure 1. Location of the study area, line of geologic cross section, and In contrast, b(?th t'he Minnelusa 2}nd Madlson aqulfe'rs were included in
NS 1 5,760 5,920 selected wells and springs discussed in text, illustrations, and table 1 (sheet 2), many local investigations of the aquifers in the Black Hills area of South
5320 - N Black Hills area, Wyoming. Dakota. Many of these investigations were conducted by the USGS as part of
7 ) ] %\\ 6,040 a long-term study begun in 1990 in cooperation with the South Dakota
N ~N] S '= ( Department of Environment and Natural Resources and the West Dakota
' N Wah N\ No760, A x Water Development District, which represents many local and county cooperators (Driscoll, 1992). The Minnelusa and Madison aquifers examined in these
Creek ; 5360 investigations are the same or very similar to aquifers present in Wyoming, and the aquifers usually are in direct hydraulic connection across the Wyoming-South
: ) 5 A iogked! ’ Dakota State line; therefore, these investigations are important to understanding the characteristics of the Minnelusa and Madison aquifers in Wyoming. The
.‘ ; L N 1. / ) N/ reader is referred to Greene (1993), Greene and Rahn (1995), Hortness and Driscoll (1998), Greene and others (1999), Anderson and others (1999), Carter and
TooN | , / ‘ = ANIER SN R<748 Redden (1999a; 1999b), Strobel and others (1999), Strobel and others (2000a; 2000b), Carter and others (2001a; 2001b), and Driscoll and Carter (2001) for T.50N.
T-49N. e A K / N : R Py . IS relevant local investigations of the hydrology of the Minnelusa and Madison aquifers in the Black Hills area of South Dakota. Kyllonen and Peter (1987) studied T-49N.
‘ AR = f @ S the hydrology of the Minnelusa and Madison aquifers in the Black Hills area of both Wyoming and South Dakota, including parts of the study area. The geochem-
g \ istry of the Minnelusa and Madison aquifers in the Black Hills area of South Dakota was recently described in Naus and others (2001). Selected results from many
s 4 / of these studies are briefly discussed herein. s
N Many regional investigations of the Minnelusa and Madison aquifers were conducted by the USGS as part of the Madison Limestone study begun in 1975
[ (U.S. Geological Survey, 1975) and the Northern Great Plains Regional Aquifer-System Analysis (RASA) study started in the late 1970's (U.S. Geological Survey,
N 1979). In addition to collection of new data, these regional investigations also used information from many of the local-scale investigations previously discussed.
5125 ™ N\ The reader should note that the investigators commonly defined the Minnelusa and Madison aquifers as part of an aquifer system comprising not only the )
s / / Minnelusa Formation and Madison Limestone, but also other formations believed to be equivalent to or in hydraulic connection with the formations in Wyoming, 8l
—/ — 7\ Montana, North Dakota, and South Dakota. Potentiometric maps constructed during these studies are regional in scope and show the direction of ground-water ¥
I 5,620 flow in the Minnelusa and Madison aquifers and equivalent rocks in the Powder River Basin and Black Hills area within Wyoming, Montana, North Dakota, and ‘
N 5 ~—. \ South Dakota (Miller and Strausz, 1980; Downey, 1984; Downey and Dinwiddie, 1988). Physical and hydraulic characteristics of the Minnelusa and Madison S\
i N A\ aquifers and associated rocks were described in Sando (1976a, 1976b), Peterson (1978, 1984), MacCary and others (1983), Thayer (1983), Brown and others
s (1984), Downey (1984, 1986), MacCary (1984), Lobmeyer (1985), Cooley and others (1986), and Downey and Dinwiddie (1988). In addition, the geochemistry J
N\ of the Madison aquifer is discussed in Hanshaw and others (1978), Plummer and Back (1980), Back and others (1983), Busby and others (1983), Plummer and 1
5,512 others (1990), Busby and others (1991), and Busby and others (1995). =
N R ~ 3
Si
@;/ - [ \\ Geology ' | A A’ P,
N on N, [ Hh The Black Hills uplift FEET ~ BEARLODGE o BLACK . )
: N ~] . . 7,000 MOUNTAINS pCu S | ,
‘ [ N ) 5.9_60%\ \é\% # 1s an a§ymmetrlc dqme o S5 e
T a9N. \ X - B B 5,920~ | - _CLGI;I_)OK o |14, (antlch.nal upwarp) in 6,000 2 g.g - T 49N, j
~ 5,900 ESTON €Q] 7. 48 N. Wyoming, South Dakota 2 @, @ -
T. 48 N. \ a > 5890 J & ’ 5,000 £ Tu - T.48N| /)
k : = 6,310 and Montana that was
6,080 \J}{‘ ! formed about 60 to 65 4,000 - ' - m
5 N (> J/ @ | million years ago during 3000 4 ] | =
S B \ the Laramide orogeny. ' : -
\ 5,885 N Y } 22 The uplift trends north- 2,000 ] -
AU\ S =T AN, B AT JE oS | : A Iz
-~ 4 X N 1 ngs v 1 g' B | | \ -
: 1 § - \/ 5902845100 | < wide, and is bounded by =~ SEALEVEL i =
Y N ) N N 7 N\ 6,050 R YA Zla monoclines on the west 1,000 - i i - =
\-., N hr S g . ~ 6,230 E and east (DeWitt and : E
DY \ov\é ;. N NN ~k ' = E = others, 1986). Erosion has 2,000 ! - \ - =
( > @2 | N AW s % exposed outcrops of 3,000 ! AN | 8
Y \ NA shallow marine to ? | ! | HZ | ?‘ 4 OMIES
44°07'30" 5647 \ + 44°07'30"  nearshore-terrestrial 0 1 2 3 4 5KLOMETERS 44°07'30" 44°07'30"
5,165 \ N \ Ny Paleozoic and Mesozoic VERTICAL EXAGGERATION X 6
= sedimentary rocks EXPLANATION
idge9) tatencinle ] Ut Ty oot s [JBRR] Modtzr o)Lt Lo s

Precambrian igneous and
metamorphic rocks that
form the core (fig. 2) of
the Black Hills. The

. ; . Upper Devonian)
Jsg Sundance Formation (Upper and Middle Jurassic)

and Gypsum Spring Formation (Middle Jurassic) Whitewood Dolomite (Upper Ordovician), Winnipeg
] ' o ) Formation (Middle Ordovician), and Deadwood
TPs | Spearfish Formation (Triassic and Permian) Formation (Lower Ordovician and Upper Cambrian)

Ols,155 1o\
[ ‘ /
- ) "w

, . T
5,557 = i)
N 2% % foo

J T.48 N. sedimentary rocks dip Pmo Minnekahta Limestone and Opeche Shale (Lower p€u Undifferentiated Precambrian metamorphic and T. 48 N.

U VAN A
T.48N. : ' : .
R.63W. R.62W. 1042 22 W. R.6TW. R.61W. R.60W. away from the igneous Permian) igneous rocks R.63W. R.62W. 10423,2 W. R.BTW. R.61W. R.60W.
104°22'30" 104°07°30" and metamorphic core and PPm | Minnelusa Formation (Lower Permian and Contact 104°22'30" 104°07°30"
Planimetric base modified from U.S. Geological Geology modified from Lisenbee (1985) and DeWitt and others (1989) 1 11 . d b Pennsylvanian) Planimetric base modified from U.S. Geological Geology modified from Lisenbee (1985) and DeWitt and others (1989)
Survey digital data, 1:100,000: Devil's Tower, 1979; are locally interrupted by Survey digital data, 1:100,000: Devil's Tower, 1979;
Lance Creek, 1981; Newcastle, 1979; and Sundance, 1979 [\\ _________ - monoclines, folds, faults, Fi 2. Geolodi ’ Line of oai fion sh i 1 Modified f DeWitt and others (1989) Lance Creek, 1981; Newcastle, 1979; and Sundance, 1979 [\\ ... - .. . __———‘\
Universal T M jection, Zone 13 : : : : L igure 2. Geologic cross section. Line of geologic cross section shown in figure 1. Modified from DeWitt and others . Universal T M jection, Zone 13 : : 3 3
o A o Bl 20 Potentiometric Surface of the Minnelusa Aquifer ; NORTH and Tertiary igneous S 0 geolo ¢ o ™ 2" Potentiometric Surface of the Madison Aquifer : NORTH 1\
Surfac_e elevation contours derived from U.S. National MONTANA : DAKOTA intrusions. The s opes o Surfac_e elevation contours derived from U.S. National MONTANA ' DAKOTA
Elevation Database (NED), 1999 (northern P art of the Stlldy are a) \ \ the dome structure of the uplift are gentler on the western side (Wyoming) than on the eastern side (South Dakota). Two blocks comprise the Black Hills uplift: Elevation Database (NED), 1999 (northern part of the StU_dy area) \ \
({.- /?)reat‘h“ig‘;ife‘i T L a western, structurally lower block bounded on the west by the Black Hills monocline and bounded on the east by the Fanny Peak monocline, and an eastern, é /?)re*tlhﬁ(s’vsife‘i m— T
SCALE 1:100,000 \ . L SOUTH \ structurally higher block bounded on the east by a homoclinal dip slope and bounded on the west by the Fanny Peak monocline (Lisenbee, 1978, 1985). The SCALE 1:100,000 \, . L e SOUTH \
9 . 2 > 2 > 8 . 8 . 10 MILES - /‘ DAKOTA Fanny Peak monocline separates the two blocks. The Black Hills and Fanny Peak monoclines are shown on the maps on sheets 2 and 4. 0 L 2 3 4 > 6 ] 8 ) 10 MILES - F DAKOTA
! Study area ! Study area
9 1 2 3 4 5 6 7 8 9 10 KILOMETERS : - Acknowledgments 0 1 2 3 4 5 6 7 8 9 10 KILOMETERS ; L
| WYOMING . : : : : | WYOMING
LAND SURFACE CONTOUR INTERVAL 200 FEET I : The authors thank Richard G. Stockdale (WSEO) for support of this study and residents of the study area who provided access to their property, wells, and LAND SURFACE CONTOUR INTERVAL 200 FEET | -
NORTH AMERICAN VERTICAL DATUM OF 1988 i springs, and shared their knowledge of the study area. Jon P. Mason (USGS) and Larry Porter (WSEQO) are thanked for assistance in preparation of water-level NORTH AMERICAN VERTICAL DATUM OF 1988 S
hydrographs and Kirk A. Miller (USGS) is thanked for assistance in preparation of figures showing topographic and precipitation information. Suzanne C. Roberts
(USGS) is thanked for preparation of illustrations and report layout, and Emily A. Sabado (USGS) is thanked for editorial assistance.
@ Printed on recycled paper For sale by the U.S. Geological Survey

Branch of Information Services
Box 25286, Denver, Colorado 80225-0286

Potentiometric Surfaces, Altitudes of the Tops, and Hydrogeology of the Minnelusa and Madison Aquifers, Black Hills Area, Wyoming
b
Timothy T. Bartos, Laura L. I-lzllberg, and Kathy Muller Ogle
2002



